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Abstract: Direct seeded rice is promising alternative to traditional transplanting, but requires appropriate 
crop and water management to maintain yield performance and achieve high water productivity. Present 
study evaluated the effect of seed priming and irrigation on crop establishment, tillering, agronomic traits, 
paddy yield, grain quality and water productivity of direct seeded rice in alternate wetting and drying 
(DSR-AWD) in comparison with direct seeded rice at field capacity (DSR-FC). Seed priming treatments 
were osmo-priming with KCl (2.2%), CaCl2 (2.2%) and moringa leaf extracts (MLE, 3.3%) including hydro-
priming as control. Among the treatments, seed osmo-primed with MLE emerged earlier and had higher 
final emergence, followed by osmo-priming with CaCl2. Tillering emergence rate and number of tillers per 
plant were the highest for seed priming with CaCl2 in DSR-AWD. Total productive and non-productive 
tillers, panicle length, biological and grain yields, harvest index were highest for seed priming with MLE 
or CaCl2 in DSR-AWD. Similarly, grain quality, estimated in terms of normal grains, abortive and chalky 
grains, was also the highest in DSR-AWD with MLE osmo-priming. Benefit cost ratio and water productivity 
was also the highest in DSR-AWD for seed priming with MLE. In conclusion, seed priming with MLE or 
CaCl2 can be successfully employed to improve the direct seeded rice performance when practiced with 
alternate wetting and drying irrigation. 
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Water saving and maintaining high grain yield are 
major challenges to sustainable rice production in 
irrigated ecosystems threatened with decreasing fresh 
water availability (Guerra et al, 1998; Belder et al, 
2004, 2005). Transplanting or direct seeding are dominant 
methods of rice establishment in irrigated areas of 
Asia where paddy fields are usually kept flooded for 
most of crop growing period (Bouman and Tuong, 
2001; Farooq et al, 2011).  
With growing water scarcity, direct seeded rice 
(DSR) becomes viable option providing opportunity 
to farmers with advantages of reduced labor or water 
inputs, better use of monsoon rainfall by early crop 
establishment of direct seeded crop and increasing 
crop intensification by timely sowing of wheat (Tuong 
et al, 2000). Yields similar to transplanted puddled rice 
are harvested in DSR provided effective crop management 
for irrigation, weeds and nutrients depending on 
climate and soil types are adopted (Malik and Yadav, 
2008; Farooq et al, 2011; Rehman et al, 2013). Dry 
seeding usually involves growing of rice in non-
puddled soils maintained at field capacity 2–4 weeks 
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after seeding (Farooq et al, 2011). Although, growing 
rice with soil moisture near field capacity saves water, 
but evaporation loss in early established direct seeded 
crop is so high that similar water productivity for 
transplanted puddled rice and DSR is reported by 
many researchers and further declined water productivity 
in DSR may also occur due to frequent irrigations 
(Sudhir-Yadav et al, 2011a).  
Alternate wetting and drying (AWD) is water 
management system introduced to reduce water inputs 
and improve water productivity with non-submerged 
conditions maintained for several days until cracks 
appeare in plow sole (Cabangon et al, 2004). AWD is 
mature technology being adopted in many countries 
such as Bangladesh, India, Veitnam, the Phillipines 
and China with reported stable or even increased yield 
(Li and Barker, 2004).  
Grower’s interest is increasing for AWD in DSR 
because it economize water use by lowering evaporation 
loss in absence of continuous ponding, and prolonged 
duration between irrigations may help to schedule 
water management in DSR. For instance, DSR-AWD 
reduced irrigation water use by 30%–50% than 
transplanted puddled rice, maintaining similar grain 
yield. It was suggested that AWD can successfully 
maximize DSR grain yield and improve water 
productivity, when crop is irrigated at or below -20 
kPa at 20 cm depth instead of daily irrigation to keep 
the soil saturated (Sudhir-Yadav et al, 2011a, b). 
Similarly, AWD with system of rice intensification 
improved morphological and physiological responses 
resulting in high grain yield and water productivity as 
compared to transplanted rice (Thakur et al, 2011).  
Furthermore, uniform and vigorous crop stand in 
rice dry seeding is achieved by seed priming (Farooq 
et al, 2011). For rice priming, seeds are soaked in 
water or different salt solutions to complete pre-
germination metabolic processes and re-dried or surface 
dried to permit routine handling (Farooq et al, 2006; 
Rehman et al, 2011b). Seed priming, a cost effective 
technology, has been successfully employed in different 
rice production systems, such as dry seeded rice, to 
improve performance in drought prone areas (Du and 
Tuong, 2002), seedling establishment under submerged 
condition by anaerobic germination tolerance (Ella et al, 
2011; Sarkar, 2012), crop competitive ability against 
weeds in aerobic rice system (Anwar et al, 2013), earlier 
phenological development and higher yields under 
aerobic (Farooq et al, 2006; Rehman et al, 2011a), and 
saturated system of rice intensification conditions (Ahmad 
et al, 2013). Nonetheless, performance of seed priming 
in dry seeded rice with AWD (DSR-AWD) and 
further changes in tillering and yield formation when 
switched towards AWD from field capacity soil 
moisture are not studied. In addition, in present study, 
use of moringa leaf extracts being rich in zeatin, a 
naturally occurring cytokinin (Yasmeen et al, 2014), 
has been also exploited as organic source for rice seed 
priming together with inorganic osmo-tica (CaCl2 and 
KCl). Thus, considering the potential benefits of DSR, 
AWD and seed priming, this study quantified the 
effect of seed priming in DSR-AWD on rice tillering, 
paddy yield formation and produce quality in comparison 
to dry seeding with soil moisture at field capacity. For 
farmer’s practicability, benefit cost ratio and water 
productivity in both systems were also determined.  
MATERIALS AND METHODS 
Rice materials 
Fine grain aromatic rice cv. Super Basmati obtained 
from Rice Research Institute, Kala Shah Kakoo, 
Sheikhupura, Pakistan, was used as seed source. The 
experiment was conducted at Experimental Research 
Station, University of Agriculture, Faisalabad-Pakistan 
during the summer of 2010. The experimental soil was 
sandy clay loam with pH 8.4, total exchangeable salts 
0.43 dS/m, 1.23% of organic matter, total nitrogen 
0.77 g/kg, available phosphorus 20 mg/kg, exchangeable 
potassium 104 mg/kg and exchangeable sodium 2.8 
mg/kg. The experimental design was randomized 
complete block with split plot arrangement keeping 
production systems in main plots and seed priming 
treatments in sub-plots. 
Experimental treatments and cultivation 
managements 
For direct seeding, seedbed was prepared by 
ploughing field five times each followed by leveling 
with tractor drawn implements. The required soil 
moisture of field capacity was achieved by pre-
saturation irrigation, and previous crop was wheat. 
Seeds osmo-primed with CaCl2, KCl and moringa leaf 
extracts (MLE) including hydropriming as control 
were seeded in 22 cm spaced rows at field capacity 
level using single row hand drill. Rice was sown on 19 
July 2010 with seed rate of 75 kg/hm2. After soil 
analysis, 150 kg/hm2 N, 90 kg/hm2 P2O5 and 70 kg/hm
2 
K2O were applied using urea (46% N), diammonium 
phosphate (18% N, 46% P), sulphate of potash (50% 
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K2O) as fertilizer source. Zinc (Zn) as ZnSO4 (35% Zn) 
was applied at 10 kg/hm2. Half of N, whole P2O5, K2O 
and Zn were applied as base fertilizer while remaining 
half N was applied in two equal splits at the tillering 
and panicle initiation stages. 
For irrigation, experimental plots were divided into 
two blocks. After crop establishment, direct seeded 
crop was irrigated weekly to keep the soil moisture at 
field capacity (DSR-FC) while irrigation was applied 
when the pan evaporation (ET°) reached 4 cm for 
DSR-AWD treatment. Irrigation was performed until 
flowering and withheld about one week before 
harvesting at physiological maturity.  
For priming, rice seeds were soaked in aerated 
solutions of CaCl2 (2.2%, ȥs = -1.25 MPa), KCl 
(2.2%, ȥs = -1.25 MPa), MLE (3.3%; osmo-priming) 
or water (hydro-priming), and 1 g seeds were soaked 
in 5 mL solutions each for 48 h (Farooq et al, 2006). 
Laboratory temperature during soaking was 27 °C ± 
2 °C. After soaking, seeds were rinsed thoroughly 
three times and re-dried with forced air under shade 
before sowing. 
Weeds were controlled manually, and appropriate 
plant protection measures were adopted to keep the 
rice plants free from insect pests and diseases. At 
maturity, rice plants was harvested at grain moisture 
of 23% and threshed separately.  
Seedling establishment, tillering, agronomic traits 
and yield components 
Number of seedlings emerged was counted daily to 
calculate time to start emergence, mean emergence 
time (MET) (Ellis and Roberts, 1981) and emergence 
index (EI) following Association of Official Seed 
Analysts (1983). Number of tillers emerged per plant 
daily was counted 30 d after crop establishment and 
continued until constant count. 
At harvest maturity, agronomic and yield related 
traits were recorded. Twenty primary tillers were 
selected randomly from each plot to record plant 
height, panicle length, number of branches and grains 
per panicle. Total number of tillers was counted from 
unit area (1 m2), and panicle bearing tillers were 
separated from each plot. For 1000-grain weight, 
straw and grain yields, area of 4 m2 was harvested and 
threshed manually. Harvest index (HI) was expressed 
as the ratio of grain yield to straw yield in percentage.  
Grain quality 
Grain quality characteristics were determined using a 
common electric lamp with a flexible stand as source 
of light (Nagato and Chaudhry, 1969). Normal, 
abortive, chalky and opaque grains are different stages 
of grain development and differentiated by positioning 
a panicle in front of the lamp. Undeveloped grains 
after fertilization which look dull under light are 
abortive, and chalky grains are separated based on 
chalky area present in different parts of the grain from 
normal grains with a magnifying glass. Grain length 
and width were determined with Vernier caliper 
(Mitutoyo Corporation, Japan).  
Economic analysis and water productivity 
To determine the economic feasibility of appraised seed 
priming techniques, benefit cost analysis was carried 
out. The amount of KCl, CaCl2 and MLE used was 
2.75 kg/hm2, 2.75 kg/hm2 and 4.175 L/hm2 each with 
cost 0.75 Pakistani rupee (PKR)/g, 0.75 PKR/g and 
130.00 PKR/L, respectively. Other costs included were 
related with crop production operations such as land 
preparation, seed, sowing, fertilizing, irrigation, plant 
protection measures, harvesting and threshing. The 
production income was estimated using the prevailing 
averages market price in Pakistan, 1 500 PKR per 40 kg.  
Water productivity (kg/m3) was calculated as the 
ratio of grain yield to the total water inputs including 
irrigations and rainfall for each system. Total amount 
of water applied to the crop was measured from 
number of irrigations, and rainfall data was collected 
over the crop season from the nearby agricultural 
weather station (Fig. 1).  
RESULTS 
Seedling establishment  
Seed priming treatments reduced seedling emergence 
W
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                                          Weeks after sowing (week) 
Fig. 1. Weather data at the experimental station during the crop 
growing period. 
T, Temperature (°C); RH, Relative humidity (%); RF, Rainfall 
(mm); PE, Pan evaporation (mm). 
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time and improved final emergence of direct seeded 
crop. Earlier and uniform emergence was recorded from 
seed osmo-priming with MLE as indicated by small 
values of time to start emergence (E0) and MET than 
other treatments including hydropriming. Final emergence 
count was the highest from seed osmo-priming with 
MLE, followed by osmo-priming with CaCl2 (Table 1). 
Tillering, agronomic and yield traits 
Tillering emergence rate was higher under DSR-AWD 
condition than direct seeded rice with field capacity 
moisture (DSR-FC). Among priming treatments, no 
significant improvement was recorded over hydropriming 
during initial days of emergence, but tillering emergence 
rate was high for seed osmo-priming with KCl and 
CaCl2 in DSR-FC and DSR-AWD, respectively. 
Nonetheless, the maximum tillers per plant were 
recorded for osmo-priming with MLE in DSR-FC and 
for osmo-priming with CaCl2 in DSR-AWD (Fig. 2).  
The maximum plant height was found for osmo-
priming with KCl in DSR-FC with no significant 
difference among priming treatments in DSR-AWD. 
Total productive tillers were the highest for omso-
priming with MLE, followed by with CaCl2 in DSR-
AWD and with KCl in DSR-FC. Reduced number of 
non-productive tillers was recorded for KCl osmo-
priming in DSR-FC than all other treatments (Data not 
shown). No significant difference was found for 
Table 1. Crop stand of direct seeded rice affected by seed priming. 
Seed priming treatment E0 (d) E50 (d) EI FE MET (d) 
Hydro-priming  4.67 ab 4.30 b 161.46 b 205.00 d 10.84 a 
Osmo-priming (KCl) 4.50 b 4.11 b 155.47 c 216.83 c 11.09 a 
Osmo-priming (CaCl2) 5.00 a 5.55 a 156.04 c 228.33 b 11.44 a 
Osmo-priming (MLE) 4.33 b 2.86 c 215.47 a 314.00 a 9.42 b 
LSD  0.47 0.45 2.75 2.83 0.70 
Values followed by different letters in a column are significantly different at the 0.05 level. 
E0, Time to start emergence; E50, Time to 50% emergence; EI, Emergence index; FE, Final emergence, and FE is presented by number of 
seedlings per unit area; MET, Mean emergence time; LSD, Least significant difference. 
Fig. 2. Tillering emergence rate in direct seeded rice (DSR) affected by seed priming when irrigated at field capacity (A) and alternate 
wetting and drying (B). 
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number of branches among seed priming treatments 
and direct seeded systems (Data not shown). The highest 
number of grains per panicle and panicle length were 
recorded for seed osmo-priming with KCl and MLE in 
DSR-FC, and all priming treatments in DSR-AWD 
including control had similar number of branches and 
panicle length. The highest grain and biological yield 
was recorded in DSR-AWD for osmo-priming with 
CaCl2 and MLE followed by osmo-priming with KCl 
and MLE in DSR-FC. Nonetheless, harvest index was 
the highest for osmo-priming with KCl and MLE in 
the two conditions (Table 2).  
Grain quality 
Seed priming treatments also affected the grain 
quality of direct seeded rice systems. High percentage 
of normal grains was recorded for osmo-priming with 
CaCl2 in both DSR-FC and DSR-AWD. Number of 
abortive and chalky grains was also reduced by all 
osmo-priming treatments in both production systems. 
However, no significant difference was found for 
opaque grains, grain length and width among seed 
priming treatments over control in both direct seeded 
rice systems (Table 3).  
Water productivity and economic analysis 
Water productivity was also higher for DSR-AWD 
than DSR-FC. Among priming treatments, the highest 
water productivity was found for osmo-priming with 
MLE in both DSR-FC and DSR-AWD and also for 
osmo-priming with CaCl2 in DSR-AWD and KCl in 
DSR-FC that was not different statistically (Table 3). 
Among the priming treatments, the highest benefit 
cost ratio was recorded for osmo-priming with MLE 
in both production systems, which was followed by 
osmo-priming with CaCl2 in DSR-AWD and for 
osmo-priming with KCl in DSR-FC. However, benefit 
cost ratio of DSR-AWD was better than that of DSR-
FC (Table 4). 
DISCUSSION 
Seed priming treatments reduced the emergence time 
and had higher final emergence per unit area. Primed 
seeds have higher vigor level and performed better 
under low soil moisture (Ruan et al, 2002). Earlier 
Table 2. Yield components and grain yield of direct seeded rice affected by irrigation regime and seed priming. 
Seed priming 
treatment 
Plant height 
(cm) 
 
No. of productive 
tillers per m2 
 
No. of grains per 
panicle 
 
Panicle length 
(cm) 
 
Grain yield 
(t/hm2) 
 
Biological yield 
(t/hm2) 
 Harvest index 
FC AWD  FC AWD  FC AWD  FC AWD  FC AWD  FC AWD  FC AWD 
Hydro-priming  75.0 b 71.0 d  337.0 d 335.0 d  62.0 d 74.0 ab  21.0 c 22.0 ab  2.08 d 2.15 cd  11.95 c 10.84 d  0.17 c 0.19 a 
Osmo-priming 
(KCl) 
79.0 a 70.0 d  343.0 c 336.0 d  75.0 a 74.0 ab  23.0 a 22.0 ab  2.45 b 2.18 cd  12.20 c 10.43 d  0.20 a 0.21 a 
Osmo-priming 
(CaCl2) 
61.0 e 70.0 d  301.0 f 358.0 b  66.0 c 74.0 ab  21.0 b 22.0 ab  2.24 c 2.59 a  13.28 b 12.88 b  0.17 c 0.20 a 
Osmo-priming 
(MLE) 
72.0 c 70.0 d  311.0 e 369.0 a    74.0 ab 74.0 ab  23.0 a 22.0 ab  2.47 b 2.61 a  12.30 c 14.07 a  0.20 a 0.18 b 
LSD interaction 1.37  3.18  0.92  0.75  0.10  0.45  0.01 
Values followed by different letters in a column are significantly different at the 0.05 level. 
FC, Field capacity of direct seeded rice; AWD, Alternate wetting and drying of direct seeded rice; MLE, Moringa leaf extract; LSD, Least 
significant difference. 
Table 3. Grain quality and water productivity of direct seeded rice affected by irrigation regime and seed priming. 
Seed priming 
treatment 
Normal grain  
(%)  
Abortive grain  
(%)  
Opaque 
grain 
(%) 
 
Chalky grain 
(%)  
Grain length 
(cm)  
Grain width 
(cm) 
 Water 
productivity  
    (kg/m3) 
FC AWD FC AWD FC AWD FC AWD FC AWD FC AWD FC AWD 
Hydro-priming  49.00 bcd 39.00 e  12.00 ab 14.00 ab  7.00 9.00  32.00 ab 38.00 a  11.43 ab 11.54 ab  2.12 abc 2.24 a  0.14 c 0.15 c 
Osmo-priming 
 (KCl) 
47.00 cd 49.00 bcd  16.00 a 15.00 a  7.00 9.00  30.00 ab 27.00 b  10.46 b 11.67 a  2.19 ab 1.92 c  0.16 ab 0.14 c 
Osmo-priming 
(CaCl2) 
57.00 a 53.00 ab  6.00 b 11.00 ab  8.00 9.00  29.00 ab 27.00 b  11.05 ab 10.94 ab  2.20 ab 2.22 ab  0.15 bc 0.17 a 
Osmo-priming 
(MLE) 
45.00 d 51.00 bc  17.00 a 12.00 ab  10.00 9.00  28.00 ab 28.00 b  11.02 ab 11.09 ab  1.97 bc 1.89 c  0.17 a 0.17 a 
LSD interaction 5.83  6.41  ns  9.01  1.28  0.24  0.02 
Values followed by different letters in a column are significantly different at the 0.05 level. 
FC, Field capacity of direct seeded rice; AWD, Alternate wetting and drying of direct seeded rice; MLE, Moringa leaf extract; LSD, Least 
significant difference; ns, Not significant. 
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emergence, higher emergence index and final 
emergence by MLE in present study corresponds with 
those in wheat (Yasmeen et al, 2013) and linola 
(Rehman et al, 2014). MLE are rich source of zeatin, 
ascorbate, Ca and K (Fuglie, 1999; Foidl et al, 2001) 
considered as regulators of plant growth including 
seed germination by enhancing expression of metabolites 
such as amylase and reducing sugars (Afzal et al, 
2012). Similarly, improved crop stand by earlier 
emergence, uniform and higher field emergence in 
DSR treated with CaCl2 had been reported by Farooq 
et al (2006) and Rehman et al (2011a). Earlier tillering 
and higher tiller emergence by seed priming with 
MLE or CaCl2 in DSR-AWD are in agreement with 
the results of Yang and Zhang (2010), in which rice 
grown under AWD encourages earlier tillering by 
reducing undesired vegetative growth of unproductive 
tillers, and improves light penetration to canopy, and 
modifies the root-shoot ratio as well as alters signaling 
of cytokinin or abscisic acid from root to shoot.  
The maximum number of total productive tillers for 
osmo-priming with MLE or CaCl2 in DSR-AWD as 
well as higher final emergence and tillering emergence 
rate (Fig. 2) were also reported by Rehman et al 
(2011a), in which the maximum number of productive 
tillers were recorded for osmo-priming with CaCl2 and 
MLE in linola (Rehman et al, 2014). Yang and Zhang 
(2010) reported that irrigation management under 
AWD reduces unproductive tillers and transpiration 
from undesired leaf area due to effective canopy 
architecture. Sudhir-Yadav et al (2011a) also reported 
higher tillering density in direct seeded crop during 
early stage when irrigated at AWD than puddle 
transplanted rice with daily irrigation. Increased intensity 
of unproductive tillers in DSR-AWD in our study 
corresponds with the results of Sudhir-Yadav et al 
(2011a, b), in which lower tiller density was observed 
with decline in leaf area index, biomass and higher 
tillers mortality at maturity. Nonetheless, improved 
productive and less number of unproductive tillers by 
osmo-priming with KCl in DSR-FC corresponds with 
better K nutrition at tillering and panicle initiation 
stages possibly through chlorophyll stability index, 
better assimilatory system and root volume making 
direct seeded rice adaptive to low soil water volume. 
No increase in number of branches per panicle over 
control in any of seed priming treatments is recorded 
(Data not shown), which is similar to the results of 
Rehman et al (2011a) in which non-significant effect 
of seed priming treatments on number of branches was 
reported in direct seeded rice system. Similarly, Sudhir-
Yadav et al (2011a) reported non-significant interaction 
of irrigation scheduling with crop establishment 
method for number of florets per panicle. Number of 
grains per panicle and panicle length were significantly 
higher or similar in seed osmo-priming with KCl or 
MLE in DSR-FC (Table 2). Decreased panicle length 
or less number of grains per panicle in DSR-AWD 
corresponds with the results of Zhang et al (2010), in 
which significant effects of water treatments and 
cytokinin was found. This might be attributed to 
reduced cytokinin levels affecting the cell division or 
cell elongation process during panicle initiation or 
grain filling stages (Zhang et al, 2010). On other hand, 
grain yield and biological yield were relatively higher 
in DSR-AWD than DSR-FC, and osmo-priming with 
MLE had the maximum yield under both irrigation 
regimes. However, the maximum yield produced by 
seed osmo-priming with MLE was statistically similar 
to yield recorded for seed osmo-priming with CaCl2 in 
DSR-AWD and seed osmo-priming with KCl in DSR-
FC. Sudhir-Yadav et al (2011a) reported higher yield 
under DSR-AWD with irrigation at -20 kPa than 
direct seeded crop with daily irrigation. Increased 
yield under AWD condition can be attributed to earlier 
and higher tillering emergence rate, increased number 
of productive tillers, increased grain filling rate and 
remobilization of carbohydrates from clum to grains 
contributing towards increased number of filled grains 
and grain weight (Yang and Zhang, 2010). Zhang et al 
(2009) reported that upon re-watering in AWD, 
cytokinin levels increase in inferior spikelets which 
Table 4. Benefit cost ratio of direct seeded rice affected by irrigation regime and seed priming. 
Seed priming 
treatment 
Total expenditure 
(PKR/hm2)  
Gross income 
(PKR/hm2)  
Net income 
(PKR/hm2)  
Benefit cost ratio 
FC AWD FC AWD FC AWD FC AWD 
Hydro-priming 83 555 80 955  71 275 73 538  -12 279 -7 417  0.85 0.91 
Osmo-priming (KCl)  89 742 87 142  83 785 74 513  -5 957 -12 629  0.93 0.86 
Osmo-priming (CaCl2) 89 742 87 142  76 795 88 571  -12 947 1 429  0.86 1.02 
Osmo-priming (MLE)  83 743 81 143  84 469 89 353  726 8 210  1.01 1.10 
FC, Field capacity of direct seeded rice; AWD, Alternate wetting and drying of direct seeded rice; MLE, Moringa leaf extract; PKR, Pakistani rupee. 
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contribute to improved grain filling rate and grain 
weight by affecting sink strength through endosperm 
cell division. Improved grain yield by osmo-priming 
with KCl is also reported by Farooq et al (2006) and it 
seems to be the possible role of K in affecting 
assimilatory process and improving plant water status 
to reduce the formation of chaffy grains and ultimately 
grain yield (Haloi et al, 2006). Harvest index was also 
improved by seed priming treatments but was 
relatively low in direct seeded rice systems of present 
study, which might be due to non-adoptability of the 
variety used in present study for aerobic rice 
production. Bouman et al (2006) also reported harvest 
index as one of possible reason of low yields in direct 
seeded rice systems which might be due to limited 
sink capacity (Zhang L M et al, 2009). 
Effect of seed priming on morphological attributes 
of grain quality varied between the two water regimes 
of direct seeded rice (Table 3). Improved normal grains 
were observed for osmo-priming with MLE in DSR-
FC and CaCl2 in DSR-AWD. Increased number of 
normal grains for osmo-priming with MLE might be 
the results of improved sink capacity due to more 
carbohydrate mobilization from clum towards developing 
grains (Zhang et al, 2008) as observed from reduced 
abortive and chalky grains. Improved number of 
normal grains for osmo-priming with CaCl2 in present 
study corresponds with the results of Rehman et al 
(2011a). Improved photo assimilation and its translocation 
and partitioning towards the grains under both direct 
seeded rice systems might result in improved grain 
length and width with improved nutrition, which has 
been reported by Rehman et al (2011a). 
Seed priming treatments in combination with 
irrigation treatments not only improved the agronomic 
and yield performance and grain quality, but also had 
effect on benefit cost ratio and water productivity of 
direct seeded rice (Table 4). The maximum benefit 
cost ratio was recorded for osmo-priming with MLE 
both in DSR-AWD and DSR-FC. Increase in benefit 
cost ratio for osmo-priming with MLE is associated 
with decreased cost per unit of MLE and KCl by 
improved yield recorded under AWD conditions (Table 
4). Likewise, increase in water use efficiency for 
osmo-priming with MLE in AWD or KCl in FC was 
due to more assimilation of photosynthates per unit of 
water applied. Zhang et al (2010) reported altered 
canopy architecture in AWD resulting in reduced water 
consumption by unproductive tillers and reduced 
transpiration from less leaf area. However, higher 
water productivity in DSR-AWD also corresponds 
with the results of Sudhir-Yadav et al (2011b), in 
which improved water productivity with DSR-AWD 
was found rather than direct seeded crop with daily 
irrigation.  
CONCLUSION 
The present study suggests that for optimal irrigation 
supply, AWD should be employed in direct seeded 
rice and when integrated with seed priming, particularly 
MLE or CaCl2, crop performance in terms of crop stand, 
tillering, yield, produce quality and water productivity 
can be improved considering benefit cost ratio.  
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